Tiquilia is very different from the other members of the Ehretiaceae (Boraginales) in many aspects of morphology and ecology. Because detailed knowledge about flower and fruit traits is necessary to reliably infer character evolution of and within Tiquilia, we investigated flower to fruit ontogeny in eight species of Tiquilia using light and electron microscopy. Tiquilia accumulated a number of autapomorphies such as the prostrate growth form, the lack of lateral and ventral bundles in the gynoecium, and the formation of nutlet-like mericarpids as dispersal units instead of more or less succulent drupes. The internal architecture of the superior bicarpellate ovary resulted from the development of several secondary septa including apical, basal and false septa, as it has been reported also from other Boraginales. However, no character found in Tiquilia can be regarded as synapomorphic with any other taxon of the Ehretiaceae.
INTRODUCTION
Tiquilia Pers. (Ehretiaceae, Boraginales) is an important plant group of the hot and coastal arid zones of the Western New World, occasionally forming the dominant vegetation in particular habitats [e.g. T. nesiotica (J.T.Howell) A.T.Richardson on the Galápagos Islands: Fig. 1A ]. It currently comprises 28 species (one of which is not validly described at present), and most of the species are perennial, sometimes psammophilous shrublets or rarely shrubs. Some have ornamental value due to their compact, prostrate, mat-forming growth forms and small but conspicuously coloured flowers (Fig. 1B-D) . Tiquilia is very different from the other members of the Ehretiaceae and has accumulated many autapomorphies at both the morphological and the molecular level (Richardson, 1977; . As inferred from molecular data, it constitutes a monophylum together with other New World taxa of the Ehretiaceae such as Bourreria P.Br., Lepidocordia Ducke and Rochefortia Sw. (Gottschling et al., 2014) .
The phylogenetic relationships of the Boraginales are still not fully resolved with respect to Hydrophyllaceae, but the Primarily Woody Boraginales (PWB, sensu Gottschling, 2003) with Heliotropiaceae, Cordiaceae and Ehretiaceae (including parasitic Lennoaceae) are monophyletic as inferred from molecular data (Ferguson, 1999; Luebert & Wen, 2008; Weigend et al., in press) . The presence of a hard and multilayered endocarp is also considered apomorphic for the PWB (Diane, Hilger & Gottschling, 2002; Gottschling, 2003) having evolved from groups with capsular fruits (such as Hydrophyllaceae today) and thus supporting their monophyly. The Ehretiaceae comprise some 150 species, and they are morphologically held together by the presence of mostly drupaceous fruits and a bifid style (Gürke, 1893) as well as an overall woody habit, but these characters may be plesiomorphic (Gottschling et al., 2014) .
Morphological, anatomical and embryological studies of plants (as presented here) classically provide a broad set of basic data for phylogenetic reconstructions and the evolutionary evaluation of character polarity (see recent publications such as Bachelier & Endress, 2009; Endress, 2011; Wanntorp & Ronse de Craene, 2011) . Some corresponding reports about members of the Ehretiaceae are available (general overviews: Lawrence, 1937; Khaleel, 1985; Bourreria: Gottschling, 2004 ; Ehretia: Johri & Vasil, 1956; Nagaraj & Fathima, 1967 , 1971 Khaleel, 1977; Rao & Rao, 1984; Rao & Rani, 1987) , but detailed investigations on the generative organs of Tiquilia are wanting. The internal architecture of the ovary in the Boraginales is complex and results from both the presence of the primary septum (i.e. the extensive fusion of the carpel borders) and the development of several secondary septa such as false, apical and basal septa (Lawrence, 1937; Hilger, 1987a Hilger, , 1992 Gottschling, 2004) . False and apical septa are structurally connected and arise from dorsal parts of the carpels, while basal septa lift up the placentae and therefore correspond to ventral parts of the carpels (i.e. they are structurally of different origins from false and apical septa). Tiquilia has an acrostylous through anacrostylous gynoecium and later dry diaspores ('nutlets': Richardson, 1977) , a trait that superficially resembles the nutlets (German: 'Klausen') of Boraginaceae sensu stricto (s.s.). However, fruits of the Ehretiaceae (mostly drupes) ancestrally have a four-parted endocarp (as in Tiquilia), with the individual parts termed mericarpids if dispersed separately (Hilger & Hoppe, 1995; Gottschling, 2004) .
In this study, we provide detailed insights into flower and fruit anatomy of Tiquilia, including ontogenetic and embryological features. The light shed on the development of the generative organs in Tiquilia may indicate new character traits for phylogenetic interpretations and help in polarizing character states in the Ehretiaceae. Therefore, anatomical studies about Cordiaceae (Khaleel, 1975 (Khaleel, , 1982 and Heliotropiaceae (Hilger, 1987a (Hilger, , 1992 are also considered for the discussion of the results on Tiquilia in an evolutionary context. We aim to improve the phylogenetic systematics of Tiquilia as well as of the entire Ehretiaceae. 
MATERIAL AND METHODS

PLANT MATERIAL
For a general overview, the macroscopic study of herbarium specimens from the herbaria B, M and MO as well as personal observations based on material collected on own field trips (Argentina: Hilger 1995; USA : Hilger 1992 and 1994; Peru: Gottschling et al., 2001) were considered for investigation. The sources of material for light and electron microscopy are listed in Table 1 . The species more thoroughly investigated taxonomically cover three (of four) sections and both subgenera (see Fig. 7 ).
MICROSCOPY
For light microscopy, the FAA (formalin-acetic acidethanol)-fixed buds, flowers and fruits were dehydrated with an ethanol/tertiary butanol series and embedded in Paraplast (Sherwood). Photographs of safranine/astra blue-stained serial sections (10 μm, Reichert-Jung Supercut 2050) were taken with a Leica DM 1000 microscope and a Kappa zelos digital camera.
For scanning electron microscopy (SEM), the bud primordia were dissected under a stereomicroscope, dehydrated in a graded acetone series, 'critical pointdried' with fluid CO 2 (Cohen & Shaykh, 1973) , sputter coated with platinum and analysed with an LEO 430 scanning electron microscope.
Image adjustments (such as scaling, cropping, white-balancing and colour management) were done in Photoshop (Adobe Systems) and images were arranged with QuarkXPress (Quark Software).
The detailed descriptions of floral and fruit development in species of Tiquilia were the basis for the discussion of character polarity. As a summary, we mapped possible morphological apomorphies on a cladogram of Tiquilia (Fig. 7) considering all species and adapted from molecular phylogenies , 2007  including also biogeographical patterns).
RESULTS
FLOWER AND PERIANTH
Flowers in Tiquilia were perfect, regular, tetracyclic and pentamerous (Figs 1, 2 ). They were arranged in extremely condensed scorpioid inflorescences, forming nodal and terminal floral clusters that were largely lacking peduncles, secondary axes and pedicels. The first stages of floral ontogeny ( Fig. 2A-K) did not show differences between species. Development began with the formation of the floral apex as a pentagonal receptacular plate. First, the sepals developed, surrounding this pentagonal plate ( Fig. 2A, E) , followed by petals and stamens (Fig. 2B, E, F) . Ovary formation started after stamens and petals were differentiated (Fig. 2B, C, G) . Within individual whorls, the single organs originated and differentiated spirally in clockwise (but apparently partly breaching a regular quincuncial) order (Figs 2A-C, E-H, 3D). The youngest floral organs of a given whorl were in the median plane. However, differential growth of individual organs was compensated for in a way that all floral parts were fully developed at anthesis. The sepals closed early over the remaining floral parts and elongated continuously. The calyx reached its final size before anthesis. The lobes usually exceeded the late forming tube in length (extreme in the plumose calyx of Tiquilia greggii). Sepal aestivation was valvate (Figs 2L-P, 3C). The lobes were coriaceous in texture and consisted of small cells. After pollination and corolla abscission (see below), the calyx persisted and enclosed the fruit.
The petals alternated with the sepals. The cells of the corolla were small (< 15 μm in diameter) and parenchymatous and elongated at anthesis. In T. plicata, the inner corolla epidermis was notably extensive (Fig. 5M ). The tube was formed by late sympetaly, and the spreading and obtuse lobes were free in the distal half only. Corolla aestivation varied within/among species and was imbricate (cochlear descending or ascending in T. nuttallii and T. paronychioides: Fig. 2D , J) or mostly followed no specific pattern. The petal surface was largely glabrous in all species under investigation, with the only exception being T. plicata which exhibiting a villous indumentum at late stages of ontogeny (Fig. 2K ). Many representatives of Tiquilia had white corollas (Fig. 1B ), but pink (T. greggii) and blue colours (T. dichotoma and relatives: Fig. 1C -E) also occurred. The abscission of the corolla including filaments resulted from the degeneration of its basal cells after fertilization.
ANDROECIUM
The five antesepaleous stamens (Figs 2A, 3C) co-occurred with the petals (with no difference in the youngest stages we investigated). The anthers first appeared as globose structures (Fig. 2B, F ) and differentiated later into two thecae and four microsporangia, respectively (Figs 2C, G-H, 3C). The anthers reached their final size in bud when the filaments were still very short and squat. The filaments were overgrown and lifted by the interprimordial petal rim and showed distinct differences in growth according to the respective age (Fig. 3D) . The filament cells elongated particularly at anthesis, parallel to those of the corolla tube. Usually, the anthers did not exceed the corolla tube ( Fig. 1 ). They were introrse and dorsifixed, or versatile, with longitudinal dehiscence at the junction of the pollen sacs in each anther lobe.
The anther walls consisted of three layers: an epidermis, an endothecium of one to few cell layers and a secretory tapetum of one cell layer (Fig. 3A, B) . The cells of the connective contained crystals (Fig. 3C ), which at higher magnification were seen as druses. The tapetum consisted of small, opaque cells (indicating an intensive metabolism), which elongated radially and degenerated completely during pollen maturation. Pollen (Fig. 3A, B) originated from an archespore and differentiated over a tetrad stage.
OVARY
The ovary was bicarpellate and arose in the median flower plane (Figs 2B, C, G, H, L, 4B-G) initially as two shallow bulges. Placentation was axile with four anatropous ovules. At the base of the carpels, an undulating and bulge-shaped nectar disc with large, secretory cells was developed (Figs 3H-K, 4A, 6A). On the surface of this disc, stomata were found (Fig. 3F,  J) . In T. dichotoma, a stalk-like gynophore was developed and thus the ovary together with the disc was raised up from the base of the receptacle (Fig. 3K) . The ovary terminated in an apical to anacrostylous style (Figs 3G-K, 4A, H-J) splitting into two short branches with papillate stigmae (Figs 1E, 3E, H, 4J). The style (or remnants of it) persisted in fruit (Fig. 4A) . It enlarged at anthesis by elongation of its cells ( Figs 3G, H, 4A) .
The carpels started their development last during floral ontogeny as two independent primordia (Fig. 2B,  G) . Later, they fused along their flanks and in the lower part and formed a conical elevation. Inside, the true septum forming the synascidiate region arose . 3J ). G-K, T. dichotoma. G-J, gynoecial growth with subsequent gynophore formation (arrows indicate stomata at the gynobase). K, longitudinal section showing gynophore and pendulous ovules. Abbreviations: a, anther; c, corolla lobe; db, dorsal bundle; dc, disc; ep, epidermis; et, endothecium; f, funicle; fi, filament; g, carpel half (i.e. prospective mericarpid or nutlet); gp, gynophore; k, calyx lobe; mm, microspore mother cell; o, ovule; p, pollen grain; pb, bundle leading to the placenta; pl, placenta; pt, pollen tetrad; st, style (including carpel apex); ta, tapetum; th, theca. Scale bars: A-B, F-G: 20 μm, C-E: 50 μm, H-K: 100 μm.
▶ from the fused boundaries of the two involute carpels even at early stages of ontogeny. Therefore, the synascidiate region was very short and the main part of the ovary consisted of the symplicate zone. During maturation, the symplicate region was recognizable as a ventral slit orientated perpendicular to the boundary line of the two carpels (Figs 4D-G, M, 5A-C).
The single primary cavity of the ovary (Figs 2C, G, 3D) was divided into two two-part loculaments (containing one ovule each) by the development of septa. They originated very early in ontogeny. Initially, four basal septa arose from the base of the ovary (Fig. 4L) . Their apices reached the same level as the inner ovary roof. The four placentae were lifted up to an apical (Fig. 4A , H-J) or subapical position (Fig. 4K, L) by the growing basal septa (it could not be clarified whether the median slit in the septum already represented the transverse placental parts in Fig. 2G ).
Secondly and parallel to the elevation of the basal septa, the inner ovary roof (with the basis of the style) buckled inwards, and an apical septum was initiated (Fig. 4H) . The transmission tissue extended to the lower parts of the roof, but not to the vascular strand of the style (see below). Finally, two more (false) septa (structurally connected to the apical septum) grew out at a right angle to the boundary of the carpels (median plane, Fig. 4D-F, M) . They were localized under the dorsal vascular strands, which did not enter those septa.
The false septa and the basal septa separated the two ovules of each carpel, which were fully developed shortly before anthesis. Two ovules of different carpels lay closer together than those of an individual carpel (Fig. 3B-G) . Because of growing basal septa, the ovules became involute in transverse section: they were turned away from the placentae at an angle of more than 90°( Figs 3B-G, M, 4A, C) . The transmission tissue of the style originating in the two papillate stigmae continued down to the base of the style, subsequently to the apical septum and along the ridges of the false septa. It terminated at the level of the funicles (Fig. 4D) .
VASCULARIZATION
Each floral part (i.e. sepals, petals, stamens and carpels) was vascularized except the nectary disc. The pedicellar vascular strands split beneath the receptacle and formed a ring of strands (stele) in transverse section ( Fig. 2L-P) . The sepal traces were usually three per lobe ( Fig. 2N-P) , whereas the lateral bundles derived separately from the median bundle (no trichotomy). The sepal traces departed from the stele at first (Fig. 2P) , successively followed by the bundles supplying the corolla (Fig. 2M) , the stamens (Fig. 2N-O ) and the ovary (Fig. 2P) .
In the ovary, two dorsal bundles and four placental bundles were differentiated (Figs 2L, 4B-G, M) . Lateral or ventral strands were not observed in the species under investigation. The two prominent dorsal bundles took their course in the periphery of the ovary, but never within any septum. At the apex of the ovary, they continued into the two stylar vascular strands (Fig. 4B) and terminated below the stigmae. The placental vascular strands separated before passing the disc (Fig. 4A, G) and led in parallel to the ovules (Fig. 4A, J) .
With respect to the ovules, the placentae had an apical (Fig. 4A , H-J) or subapical position in longitudinal sections (Fig. 4K, L) and thus the ovules hang into the loculaments. The funicle leading from the placenta to the ovule was orientated almost horizontally (Fig. 4C, F, M) . Based on the growth of the basal septa (see below), funicles and raphal strands had distal positions in transverse sections of the ovary (Fig. 4B-G, M) . The raphal bundle of each anatropous ovule turned down to the chalaza and ended blindly (Fig. 6F) . Figure 4F shows the direct connection between the transmission tissue and the upper right loculament via the funicular canal.
DEVELOPMENT AND ANATOMY OF THE FRUIT
The basic architecture of the ovary was still preserved in fruit: fruit maturation comprised parallel growth and anatomical differentiation of all ovary parts, which were already preformed in the preanthetic A) . E-G, T. elongata: serial crosssections of flower (corresponding levels are indicated in A). H-J, T. paronychioides: H, apical septum and apical placentae. J, longitudinal section of flower prior to opening. K, T. nuttallii: subapical position of placentae. L-M, T. plicata: L, basal septa. M, false septum. Abbreviations: as, apical septum; bs, basal septum; c, corolla lobe; db, dorsal bundle; ea, embryo sac; en, endocarp; ex, exocarp; f, funicle; fi, filament; fs, false septum; g, carpel; it, integument; nu, nucellus; o, ovule; pb, bundle leading to the placenta; pl, placenta; rb, raphe bundle; st, style; th, theca; tt, transmission tissue; vs, ventral slit. Scale bars: A-G, J: 200 μm, H, K-M: 50 μm. ▶ flower bud ( Figs 4A, 5A-D) . The pericarp consisted of few cell layers (usually not more than five), whose numbers did not change towards seed maturation ( Fig. 5K-M) . However, pericarp cells underwent partly dramatic differentiations during fruit ontogeny.
In early stages, all cells were undifferentiated, small and parenchymatous (Fig. 5K, M) . Soon after fertilization, the primarily uniform cells started to differentiate into exocarp, mesocarp and endocarp. At maturity, all three layers were lignified, but still distinguishable by cell shape and dimension ( Figs 5N-O, 6C , D) and enclosed the entire seed. In T. nuttallii, the exocarp cells lignified before the cells of the prospective mesocarp and endocarp. Moreover, the inner epidermis and subepidermal cells were characteristically differentiated (Fig. 5L ): inner epidermal cells and their nuclei were elongated periclinally (Fig. 5H) , while the subepidermal layer interlocked with the endocarp cells and gave a puzzlelike pattern in cross-section (Fig. 5G, J) . Pericarp cells filled with crystals (detectable under polarized light) were never observed. The mature fruit is a schizocarp, whose four (or by abortion sometimes fewer) mericarpids were nut-like diaspores ('nutlets'; Fig. 6A-D) , usually enclosed by the persistent calyx. Depending on species (groups), the cicatrix exhibited various shapes (Fig. 7) from oblanceolate ( Fig. 6B) in T. nuttallii to almost circular (Fig. 6C) in T. dichotoma. The seed was erect (Fig. 4A) , and parts of the placental bundle may also persist (Fig. 6B) . The former placenta, and the funicular canal, remained in apical (Fig. 6C ) or subapical position ( Fig. 6B ) with respect to the seed.
EMBRYOLOGY
The four ovules developed as outgrowths from the placentae (Fig. 5A) . Each ovule was supplied by a single vascular strand. The ovules were anatropous, unitegmic with several cell layers and tenuinucellate (Fig. 6E, F) . Nucellar epidermis and parietal cells surrounded the archesporial cell. The parietal cells and the nucellar epidermis started degenerating when the megaspore enlarged. Megagametogenesis was already completed in bud and led to a megagametophyte with an embryo sack comprising synergids in the micropylar region, antipodals in the chalazal region and two central polar nuclei (Fig. 6F-H) . The megagametophyte was highly vacuolated and flanked by an endothelium (integumentary tapetum) of small, square cells (Fig. 6F-H) .
After fertilization, endosperm developed ab initio cellularly. The first division, which proceeded prior to the first division of the zygote, led to a micropylar chamber and a chalazal chamber. The next division was transverse in both chambers, and the endosperm became four-celled. A further number of transverse and longitudinal divisions took place in the two central cells and led to a extensive endosperm tissue (Figs 5D, L, N-O, 6J-M) consisting of highly vacuolated cells. The terminal cells of both the chalazal end and of the micropylar region developed into a chalazal haustorium and a micropylar haustorium, respectively (Fig. 6G) . They degenerated in later stages of ontogeny (as in Fig. 6J ). The embryo extended into the endosperm by the development of a suspensor (Fig. 6J) . It also degenerated after the embryo had reached maturity ( Figs 3A, 6K ), when starch grains were deposited in the embryo and the endosperm (Fig. 6L-M) .
Embryo and endosperm were surrounded by the single integument, which consisted of several cell layers in early ontogeny. At maturity, this tissue was almost entirely obliterated, with only the outer epidermis, the raphe and some cells surrounding the raphe still identifiable ( Figs 5D, L, N-O, 6J-M) . The outer epidermis of this integument served as testa of the seed. It developed from small, undifferentiated cells into specialized cells with wall ingrowths on the anticlinal and the proximal periclinal cell walls (transfer cells: Fig. 5F ) at the onset of endocarp lignification. Tiquilia nuttallii was unique in additionally having clasp-like wall thickenings in the testa cells (Fig. 5E ). 5F ). E-F, ovules. E, T. elongata (cross-section). F, T. paronychioides (longitudinal section; arrow indicates the long micropyle). G-H, embryo sack. G, T. paronychioides. H, T. plicata. J-K, T. nuttallii: growing embryo (arrows indicate testa cells with clasp-like wall thickenings, see Fig. 5E ). L-M, mature mericarpids (cross-sections) in phase contrast highlighting starch grains in embryo and endosperm. L, T. plicata. M, T. dichotoma (arrow indicates testa consisting of transfer cells). Abbreviations: ch, chalazal haustorium; ci, cicatrix; cn, central nucleus; ct, cotyledon; dc: nectary disc; e, egg cell; ea, embryo sack; em, embryo; en, endocarp; ep, inner epidermis of carpel; es, endosperm; ex, exocarp; g, carpel wall; it, integument; m, mericarpid; mh, micropylar haustorium; pb, placental bundle; pl, placenta; rb, raphe bundle; st, style; su, suspensor; t, testa; ta, integumentary tapetum. Scale bars: A-D, F: 100 μm, E, G-H: 10 μm, J-M: 50 μm.
DISCUSSION
The distinctiveness of Tiquilia from the other members of the Ehretiaceae is challenging in phylogenetic analyses based on molecular and/or morphological data. As effective structural traits in the arid environments that the plants are inhabiting, Tiquilia has accumulated a number of autapomorphies (Fig. 7) , including the general prostrate dwarfism, with low growth heights and small leaves, the production of nut-like mericarpids (versus the otherwise fleshy fruits in the Ehretiaceae) as diaspores, and the loss of lateral and ventral bundles in the gynoecium (usually distinct in Ehretiaceae: Lawrence, 1937; Pitot, 1939; Gottschling, 2004; Gottschling & Hilger, 2004) . The monophyly of Tiquilia has been supported by molecular analyses with an almost complete taxon sample and published in recent years , 2007 Moore, Tye & Jansen, 2006) . At present, distinct synapomorphies with any other taxon of the Ehretiaceae are not possible to determine. Coldenia has long been considered as a close relative, sister or even including Tiquilia because of the overall similar appearance (Gray, 1862; Johnston, 1924) . Tiquilia is known to be restricted to the New World, while Coldenia is originally Old World in distribution (the exact geographical origin being elusive: Richardson, 1977) and has a different ecology (annual in seasonally flooded locations). Molecular studies have shown that Coldenia is part of the Cordiaceae lineage (Gottschling et al., 2005; Weigend et al., in press) , whereas Tiquilia belongs to the Ehretiaceae Luebert & Wen, 2008; Gottschling et al., 2014) .
Some characters that have been presented in this study add evidence for the systematic placement of Tiquilia within the PWB. The plants exhibit a testa consisting of transfer cells, which has been considered an apomorphy for the PWB (Diane et al., 2002; Gottschling, 2003) . These specialized cells are effective for rapid water uptake during germination, enabling the seed to swell and to break through the frequently massive endocarp. Crystalline pre-formed deshiscence lines as in Bourreria (Gottschling, 2004) Figure 7. Cladogram of Tiquilia. Major clades are indicated (sectional assignment only for those with more than two species included; note that sect. 'Tiquiliopsis' with type species T. nuttallii is polyphyletic), and biogeography is colour-coded. Tree topology adapted from molecular phylogenies , 2007 ; nutlets reproduced from Richardson (1977) . Species investigated in this study (Table 1) are lacking in Tiquilia. The presence of endosperm haustoria during embryogenesis is restricted to the PWB plus the Hydrophyllaceae (Svensson, 1925; Suessenguth, 1927; Rao & Rao, 1984; Khaleel, 1985; Gottschling, 2004) and has now been demonstrated here also for Tiquilia.
Fruit morphology and anatomy are important for classifying the Boraginales at a higher taxonomic level, and most Ehretiaceae have drupaceous fruits with a well-developed and multi-layered, hard endocarp (Gottschling, 2003) . To distinguish species and infrageneric taxonomic units, Richardson (1977) has also placed much attention on fruit morphology in Tiquilia (Fig. 7) . The fruits of Tiquilia segregate into four (or, rarely, by abortion fewer) mericarpids and are highly similar to those present in the Heliotropiaceae and Boraginaceae s.s. This similarity refers even to the details of pericarp development, while in both groups all layers are lignified, and the endocarp consists of a single cell layer only in Boraginaceae s.s. (Hilger, Hoppe & Hofmann, 1993; Hofmann, 1994; Hilger, in press ). However, Tiquilia is only distantly related to the Boraginaceae s.s., and based on its putative systematic placement deep in the PWB the development of nut-like mericarpids must be considered of independent origin (probably each deriving from capsular fruits: Weigend et al., in press) and not homologous. In Tiquilia, the perpetuation of drupe-like diaspores (as in the Ehretiaceae remainders) would probably have an evolutionary disadvantage in those arid environments where the plants are growing. It is remarkable, moreover, that the low growing, herbaceous or shrubby members of the PWB predominantly exhibit nut-like diaspores, while larger shrubs and trees have drupes.
The internal architecture of the ovary (and later the fruit) is complex in the Boraginales including Tiquilia. Boraginales (except the parasitic Lennoaceae) have a bicarpellate gynoecium with the coalescent true septum and several types of secondary septa. In Boraginaceae s.s., an apical septum is usually developed (Hofmann, 1994; Hilger, in press ), but is neither distinct in Ehretiaceae (Gottschling, 2004) such as Tiquilia nor distinct in other closer related taxa such as Heliotropiaceae (Hilger, 1992) and Hydrophyllaceae (Hilger, 1987b) . Here, an apical septum is -if present -derived from and physically connected to false septa rather than an independent structure. This architecture provides the structural prerequisite for the various schizocarpic fruits that are found within the Boraginales. False septa (i.e. dorsally in the median plane) are documented from Boraginaceae s.s. (Hofmann, 1994; Hilger, in press ), Heliotropiaceae (Hilger, 1992) , Ehretiaceae (Gottschling, 2004) and Cordiaceae (Baillon, 1863; Mez, 1890; Khaleel, 1975 Khaleel, , 1982 . However, the false septa of Boraginaceae s.s.
differ from those of the PWB including Tiquilia in the position of the dorsal strands, which do not take their course into these septa, but run in the periphery of the ovary. Thus, homology of false septa based on the criterion 'position and specific quality' remains at least questionable in the different groups of Boraginales.
With the exception of the capsular-fruited Hydrophyllaceae, basal septa may be ubiquitously present in the Boraginales (usually four in number per ovary), although only a few detailed data are available (Hilger, 1992, in press; Gottschling, 2004) . Basal septa are structurally different from apical and false septa and play an important role for the uplift of the placentae towards an apical position. Their development results in hanging epitropous ovules (Agardh, 1858; Guşuleac, 1937) that are predominantly present in the Boraginales, with the exception of Cordiaceae exhibiting orthotropous ovules (Svensson, 1925; Khaleel, 1975 Khaleel, , 1982 . Usually, the placenta associated with each mericarpid is large in the Ehretiaceae (Pitot, 1939; Gottschling, 2004) , but diminutive in Tiquilia. It remains to be determined whether this state is evolutionarily ancestral or derived in Tiquilia.
Some characters that have been observed during the course of this study are restricted to single species or species groups of Tiquilia and are helpful to delimitate taxa. For example, T. nuttallii and T. plicata are morphologically very similar species, although they are clearly distinct from each other as inferred from molecular data Moore & Jansen, 2007;  Fig. 7 ). However, they are consistently different with respect to the indumentum of the abaxial corolla surface in bud (trichomes present in T. plicata but absent in T. nuttallii). As first branch within (or as sister group of) T. subgen. Tiquilia, T. nuttalli is a phylogenetically distinct species and has some unique characters such as clasp-like thickenings of cell walls in the testa and the parquet cells of the endocarp. The latter are found in some members of the Boraginaceae s.s. (Hilger, 1981) , probably as independent developments. Another particularity is the offset gynophore observed in T. dichotoma, and it will be phylogenetically informative to determine whether the other South American members of T. sects Sphaerocarya (I.M.Johnst.) A.T.Richardson and Tiquilia share this trait.
In summary, Tiquilia is monophyletic based both on molecular and on morphological data (Fig. 7) . Differentiation of the endocarp yields the most important character complex in Ehretiaceae for phylogenetic reconstruction (Miller, 1989; Gottschling, 2004) . However, it cannot enlighten the systematic placement of Tiquilia within Ehretiaceae, as its four-part endocarp is the ancestral condition in the PWB. At present, no character found in Tiquilia can be regarded as synapomorphic with any other taxon of the Ehretiaceae. This may be due to insufficient knowledge on the flower and fruit anatomy of other taxa of the Ehretiaceae, and thus further studies are needed to resolve the phylogeny of the Ehretiaceae.
